THE association of renal calculi with hyperparathyroidism is now%well recognized. Albright, Baird, Cope and Bloomberg (1934) give many references to published cases in which this association is evident, and found that renal calculi were present in 23 out of a total of 83 cases of hyperparathyroidism, i.e. an incidence of 27%. They consider that the presence of renal calculi should always arouse a suspicion of an underlying hyperparathyroidism.
These authors studied 160 cases of probable hyperparathyroidism taken'from the literature, together with 25 cases of their own. Of this total of 185 cases, 146 showed single gland enlargement and 39 showed multiple gland enlargement. So far as the incidence of bone lesions and renal calculi isK concerned The difference between these two sets of figures they believe to be due to the fact that the association of renal stones with hyperparathyroidism was rarely recognized by the earlier writers on the latter subject. In the cases where renal stones alone are present, the criteria for the presence of hyperparathyroidism also is taken by these authors to be a high blood-calcium and reduced blood-phosphorus. The same criteria seem to have been adopted by Albright et al.
Of Castleman and Mallory's own cases, five out of six believed to show parathyroid hyperplasia came in the group of renal stones without bone changes-only one showed significant bone lesions. This, however, they believe to be the result of chance sampling since nearly all the cases of hyperplasia collected from the literature showed bone lesions. Hence they conclude " either type of hyperparathyroidism may be associated with stone formation only, bone changes only, or the combination. As a rule the stone formation comes first and bone lesions follow only after a period of years Certain other workers have looked at the problem from the opposite direction, i.e. instead of studying the presence of renal disease in hyperparathyroidism, they have studied the evidence for hyperparathyroidism in renal disease. Pappenheimer and Wilens (1935) quote the work of Bergstrand who, in a routine study of the parathyroids in 200 autopsies, found a small percentage in which the glands were " distinctly enlarged " and in most of these cases there were, at the same time, more or less severe changes in the kidneys. Subsequently, a series of nephritic cases were studied; in 10 of 50 cases the combined parathyroid weights exceeded 200 mgm., which he regards as the upper limits of normal. This and other work, suggesting as it does a relation between renal disease and parathyroid enlargement, caused Pappenheimer and Wilens to begin a systematic study to determine whether disease of the kidneys might not lead quite regularly to enlargement of the parathyroids. For this purpose they dissected out the parathyroid glands in a series of nephritic and control cases, and weighed each gland separately. They found that the mean weight of the parathyroids in various types of chronic renal disease exceeds that of non-nephritic cases. In an unselected series this increase in mean weight is approximately 50%; in cases with advanced renal lesions the increase amounts to more than 100%. The increase in weight of the parathyroids is roughly proportional to the severity and extent of the renal lesions and to the intensity of the clinical signs of renal insuffieiency. Usually three or four of the glands share in the enlargement. It is of interest to note that the group of cases in which renal lesions were found at autopsy but in which symptoms of renal inefficiency were not recognized, nevertheless showed in most cases a certain degree of parathyroid enlargement. In the recent careful study of the weight of the parathyroid glands by Gilmour and Martin (1937) , attention was also directed to the condition of the glands in renal disease. They divided their renal cases into two groups, viz. toxic nephritis (Russell, 1929) , and renal disease of other types. They found these two renal groups to contain relatively numerous examples of unusually large glands showing histological evidence of abnormal activity. Our owtn interest in this subject was first aroused by the work of Castleman and Mallory, and particularly those aspects of it which appeared to have an important bearing on the question of the treatment of renal calculus. The argument regarding treatmenit, dependent on Castleman and Mallory's findings, appears to be as follows: -If hvperparathyroidism is a significant cause of renal calculus and ifthe appearance of calculi is likely to be followsed later by the bone lesions of osteitis fibrosa, then the removal of the hyperparathyroidism should be the principal aim in treatment, for by that mneans not only would recurrent calculus be prevented but the patient would also be spared the late development of osteitis fibrosa. In cases of hyperparathyroidism dependent on hyperplasia, resulting from some external stimulus, removal of enlarged parathvroids would probably not be of permanent value as the hyperplasia would be likely to recur (p. 46), but in cases of neoplasia removal of the tumours might be expected to effect a permanent cure. Since either type of hyperparathyroidism may be associated with stone formation only (p. 41), and since the localized tumour type is far more common than generalized hyperplasia (p. 44), parathyroid tumours should be found in a large proportion of cases of renal calculus with evidence of hyperparathyroidism. Moreover it is claimed (p. 41) that the diagnosis of hyperplasia shouild be possible, as a rule, from the histological examination of a single gland, even from a frozen section during operation.
The logical course to pursue. therefore, would be to seek for evidence of hyperparathyroidism, i.e. raised blood-calcium (and reduced blood-phosphorus) in all cases of renal calculi, and w-here this is positive, to make a search for parathyroid tumours. If such are not readily found a biopsy should be made of any parathyroid tissue available, and, if the presence of hyperplasia is not shown, a further search should be carried out until tumours are found and removed.
With this argument in mind we commenced an investigationi of cases of renal calculus, particularly those with recurrence, to find out which of them showed evidence of hyperparathyroidism, and for which, therefore, the above principles of treatment might have to be considered. Soon, however, the evidence of hyperparathyroidism associated with various types of renal disease came to our notice. Renal calculi, particularly if of long standing or recurrent, are frequently the cause of damage to the kidneys. Hence, on this evidence, hyperparathyroidism associated Aith renal calculi might not be the cause of the calculi but the result of renal damage caused by them and the principles of treatment already outlined above could not be applied. With a view to obtaining further information on the whole subject we therefore extended our investigation to include blood-calcium determinations on other surgical cases involving the kidneys and on cases of renal disease in the medical wards. The presentation of the results of this investigation and their bearing on the problem outlined above is the subject of the present paper.
Since the blood-calcium concentration is the principal figure which will be considered, it is important to decide what value is to be taken as normal. The normal range for blood-calcium given by most textbooks is 9-11 mgm. per 100 c.c. of serum (or plasimia.). We thought it w-ould be of interest to find out how far our own figures agreed with this range. Accordingly we have examined all blood-calcium determinatioins made in this laboratory during the two years preceding the commencement of this inivestigation. The determinations have been made on patients of the Leeds General Infirmary, at the request of members of the clinical staff, in the course of the ordinary clinical investigation of these patients. The result of our examination is as follows- 6 It will be shown subsequently that a significant proportion of cases with renal disease have a raised blood-calcium. Hence, only the six cases under (d) cannot be considered as the result of some condition known to be capable of causing a raised blood-calcium concentration. Of these, three gave values of 11 1 mgm., one of 11 -2 mgm., one of 11-4 mgm., and one of 11 5 mgm. When one compares this number with the number of cases giving values between 9 and 11 mgm., viz. 103, it will be realized that the number of cases without some known condition tending to raise the blood-calcium, which give values exceeding 11 mgm., is relatively small. In other words, while normal cases may occasionally be met with which give values exceeding 11 mgm., their number is so small that where the value significantly exceeds this figure the case should be regarded with suspicion, and not accepted as normal until known causes of disturbance of blood-calcium have been excluded.
The number of cases in which we had previously made determinations of the blood inorganic phosphorus was not so great as those in which we had made bloodcalcium determinations, and hardly seemed sufficient to justify treatment in the same way; figures collected from the literature by Peters and van Slyke (1931) indicate a normal range for adults of 2-5 mgm. per 100 c.c. serum and for infants, 4-7 mgm. In our own experience the majority of figures from normal adults lie between 3 and 4 mgm., while normal children have given values, mostly in the neighbourhood of 5 mgm., and young infants 5-5-6 mgm.
The normal phosphatase of blood depends on the method used; the figures given in the paper have all been obtained by the method of Jenner and Kay (1932) , for which 10 units is the upper normal limit in the great majority of cases.
The normal maximum blood urea-nitrogen, as given in a summary by McKay and McKay (1927) is 23 mgm. From our own experience of hospital patients, and by the method in routine use here, we prefer a somewhat higher maximum, viz. 25 mgm.
The cases we have dealt with fall into three main groups I.-Cases with renal calculi. II.-Cases with enlarged prostate. III.-Cases with renal disease in the medical wards.
Group I.-Cases which had previously undergone treatment here for renal calculi w-ere asked to come up for re-examination. Evidence of recurrence was looked for, and blood-calcium estimations were made. In most cases where the blood-calcium was found to exceed 11 mgm. determinations of blood-phosphorus and phosphatase were also made. Table IA contains the data relating to patients in whom recurrence was found or in whom recurrence was known to have occurred previously. Table IB contains cases with no evidence of recurrence, and Table lc, cases in which evidence of recurrence is not conclusive.
During the course of the investigation other cases of renal calculi that came under our notice were included within its scope; these are included in Table ID . Inquiry into the history of these cases showed that some of them were suffering from a definite recurrence of stones, while in others the history was entirely negative from this point of view. Three other cases without *efinite evidence of calculi are included in Table IE . Group III.-In cases in the medical wards whose renal function was examined, determinations of blood-calcium were also made, and in a few cases, blood-phosphorus and phosphatase also. The renal function test employed was the determination of the rate of urea clearance according to the modification previously described by one of us (F. S. F., 1934) . The results are given in Table III . The figures for blood urea-nitrogen in this table are not those obtained during the urea clearance determination, since the latter show the urea content of blood during the second hour following a dose of urea and are in excess of figures obtained when no urea has been given. The incidence of infection, so far as we have evidence on this point, is practically the same in the raised and the normal blood-calcium groups. There is, however, a notable difference in blood-urea findings in these two groups; the cases with raised blood-calcium contain a much greater proportion of cases with raised blood-urea than those with normal blood-calcium. Thus the results suggest that where renal function is disturbed to the extent that urea-retention becomes evident, a tendency for raised blood-calcium to be found subsequently is greater than where such disturbance of renal fuinction is not evident. Tables ID and JE show the The incidence of raised blood-calcium in these cases is substantially the same as ill the previous ones. They are only " recent " cases so far as this investigation is concerned; an examination of the histories of those with raised blood-calcium shows that the great majority had signs or symptoms of renal trouble for a considerable time.
The incidence of infection, though considerably different from that noted in the previous cases, is nevertheless substantially the same in the raised and the normal blood-calcium groups.
There is again an appreciable difference in the distribution of raised blood-urea figures, the proportion of those with raised blood-calcium being decidedly greater than those with normal blood-calcium.
In the cases of Tables IA, B , and c, the data relating to the blood-urea and urine were obtained some time before the blood-calcium, whereas in the cases in Tables ID   and IE all The figures for blood-phosphorus have not been specially tabulated, since they are confined almost entirely to the cases with raised blood-calcium. The majority of these fall below 3 mgm., and two are below 2 mgm., i.e. there is a tendency for raised blood-calcium figures to be associated with rather low phosphorus figures. All the phosphatase figures are withi-n normal limits. A summary of the results in Table II In this group the proportion of cases with raised blood-urea is much greater than in the previous group, and there is no obvious association of raised blood-urea with raised blood-calcium; indeed, so far as this small series is concerned, the reverse is the case. This is not surprising as practically all patients were suffering from retention on admission and the level of the blood-urea, before the relief of obstruction is not a very reliable index of the real condition of the kidneys. There is again no definite evidence of a special association between infection and blood-calcium level. The blood-phosphorus figures in this group, even where the blood-calcium is raised, are mostly normal. This failure to find high blood-calcium associated wi-ith low blood-phosphorus may perhaps be due to the condition of retention present in these patients.
A summary of the results in Table III 
DISCUSSION
The first fact of importance which emerges from these results is the absence of any marked preponderance of high blood-calcium figures among the cases w-ith recurrence of renal calculi compared with those without recurrence. If raise(d bloodcalcium is to be considered as an evidence of a primary hyperparathyroidismn w-hich is the cause of calculus formation, the removal of the calculi would not remove the hyperparathyroidism and recurrence should occur, and raised blood-calcium persist in such cases. Yet in a number of cases raised blood-calcium is found, though no recurrence has occurred over periods of a number of years; and on the other hand recurrence has occurred in a number of cases in wNhich there is no evidence whatever of hyperparathyroidism. It is true that, so far as the latter are concerned, it might be claimed that any rise in the blood-calcium due to hyperparathyroidism mav have been opposed by a tendency to reduction of blood-calcium due to secondary renal damage caused by the stones. The evidence is, on the Ahole, however, ag(ainist the view that hyperparathyroidism is the cause of the stone formation.
Probably the most important fact which our results bring to light is the occurrence of a definitely raised blood-calcium in three entirely different groups of cases in wA-hich the kidnevs are involved, and the proportion of raised blood-calcium figures is not greatly different in these groups. Indeed, if figures over 11 mgm. are considered. it will be seen that the proportion is remarkably constant in the three groups, viz. about 50%. Whatever figure may be accepted as the upper normal limit for bloodcalcium, we think it wAill be generally agreed that the proportion of figures from normal individuals which exceed 11 mgm. is considerably less than this. Hence our results show that there is undoubtedly a tendency towards increased blood-calcium in widely different types of disease involving the kidneys. It seems fair to coniclude.
therefore, that the one factor common to all these conditions, namely involvement of the kidneys, is responsible for the rise in blood-calcium which has been demonstrated. Hence the raised blood-calcium which may be found in association w-ith renal calculi is in general the result of renal danage, and the previous suggestion that it is not evidence of a primary hyperparathyroidism which is the cause of the formation of calculi, is confirmed.
Castleman and Mallory found that the average duration of symptoms of their cases showing only renal stones was 3 2 years, whereas the average duration in the cases wAith classical bone lesions was 8 6 years. Of our own calculus cases which show-.16 a raised blood-calcium, in three a period of ten or more years has elapsed between the first operation for stones and the present examination, in two a period of eight years, and in five a period of seven years. Since all these periods date from a first operation they will be shorter than the periods covering the duration of symptoms. Any of these 10 cases, therefore, if due to primary hyperparathyroidism, might have developed the true bone lesions of generalized osteitis fibrosa, and it is reasonable to expect that at least one or two would have done so. The absence of such bone changes is therefore additional evidence against the view that a primary hyperparathyroidism is the cause of the renal calculi in these cases.
Our results, by showing that blood changes which might be considered as evidence of hyperparathyroidism may be found in association with renal disease, form an interesting corollary to the anatomical hndings of hyperplasia of the parathyroid tissue in renal disease which have already been referred to. Whether the rise in blood-calcium in renal disease is really due to a hyperparathyroidism caused by such disease, or is a more direct consequence of disturbance of renal function is perhaps open to dispute, but this does not affect the conclusions we have arrived at regarding the relation between renal calculi and raised blood-calcium.
The changes in blood-calcium and blood inorganic phosphorus which are generally associated with renal disease are a decrease in the calcium and an increase in the phosphorus; actually such changes are not usually demonstrable until the renal disease is considerably advanced, and are generally considered to indicate a grave prognosis. In milder degrees of renal disease, although changes of this nature may not be demonstrable, the tendency towards such changes will no doubt be present.
This tendency may act as a stimulus to the parathyroids to increase their normal activity to counteract it, and this increased activity, if maintained for any length of time, must result in hyperplasia. It is in this way that Albright et al., as we have already pointed out, explain the parathyroid hyperplasia found in renal disease, and we see no reason to disagree with this explanation. As the renal disease progresses, the tendency towards low blood-calcium and high blood-phosphorus would appear to increase to a point beyond which it is impossible for the parathyroids to neutralize it, so that the blood changes of advanced renal disease become manifest. We see, therefore, in parathyroid hyperplasia, an explanation why the actual appearance of low blood-calcium and high blood-phosphorus is postponed to the late and severe stages of renal disease.
It would appear from the results we have just presented, however, that in the earlier stages of renal disease the response of the parathyroids to its stimulus results, in a certain proportion of cases, and/or for a certain length of time, in an enhanced activity of these glands which is rather more than sufficient to counteract the tendency arising from the renal disease, so that raised blood-calcium (and to a less extent, reduced blood-phosphorus) make their appearance. It is even conceivable that occasionally the response of the parathyroids to this stimulus to hyperplasia may be so excessive as to give rise to the changes associated with generalized osteitis fibrosa. This explanation of the results found in the cases we have investigated is not, however, as we have already hinted, the only one which might be offered, but we feel that a full discussion of the alternative views would be out of place in the present communication. We do not deny the possibility that the presence of renal calculi may sometimes be an early manifestation of true, primary, hyperparathyroidism, but in actual fact we consider that this can be true of only a very small proportion of cases-certainly so small that an operation for the discovery and removal of parathyroid tumours in all cases of renal calculi is entirely unjustified. Nevertheless, this possibility should be borne in mind, and in cases of renal calculi signs and symptoms of parathyroid tumour should be carefully looked for, and removal of the tumour attempted if positive evidence is forthcoming.
We desire to express our thanks to Professor E. R. Flint for allowing us to investi-APRIL-UROL. 2 * gate cases of renal calculi formerly under his care and to other colleagues of the Honorary Staff of the Leeds General Infirmary for access to their cases and case records.
Mr. H. P. WINSBURY-WHITE: It is clear from what Mr. Pyrah has said that the interpretation of raised blood-calcium is not necessarily a simple problem.
The changes in bone so often present in cases of parathyroid disease represent yet one more example of a number of pathological conditions of bor-e which are sometimes associated with urinary lithiasis. The importance of the relationship between disease in the osseous system and urinary lithiasis is obvious when we remember that the bones are the storage places for the great bulk of calcium in the system, and that calcium is by far the commonest chemical constituent of urinary calculi.
It is reported by several observers, with regard to parathyroid disease in its relationship to urinary lithiasis, that the condition of renal calculi is always unilateral. This makes it perfectly clear that, in addition to the distant disturbances which raise the blood-calcium and which encourage the formation of stone, there must be some local renal condition which induces stone to form in one kidney and not in the other.
The Association of Nervous and Urinary Disease By A. RALPH THOMPSON, Ch.M., F. R.C. S. THE basis of this paper is my own clinical experience, coupled with the notes of a large number of post-mortem cases which were collected many years ago. These have been most useful in confirming or contradicting clinical opinions. The paper is not a statistical one, nor is it intended to record how often urinary complications occur with nervous diseases, and especially tabes.
Tabes.-In this disease retention of urine may be the first symptom noted by the patient, and three illustrative cases may be cited who were all busily and usefully employed when they came under observation. Although retention was the first symptom noted by these patients, yet in all of them were the Argyll-Robertson pupils present and the knee-jerks absent. One of these cases lived for at least ten years after he was first seen by me.
The diagnosis may show some difficulty. The bladder, which may be holding a good deal of urine, say 1,200 c.c., is often not easily palpable, and being so distended pushes the prostate down into the rectum, which gives the impression that the condition is due to simple enlargement of the gland. On removal of the fluid this enlargement di--appears. Another point is that tabes in a few cases may be accompanied by a stricture of the urethra, with the result that the nervous lesion is overlooked. There are notes of 12 such cases, one post-mortem and 11 clinical. Of the clinical cases one was situated at the meatus, and for this reason may have been primary syphilitic in origin. This occurrence of a stricture with tabes is very important for two reasons. First, it makes difficult the passage of a catheter to relieve the distension of the bladder, and secondly it predisposes to sepsis in a bladder peculiarly susceptible to infection. The stricture must be treated adequately. Its presence can only add to the troubles of the tabetic, which include not only back pressure upon the bladder
